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covering, of the stent unimpaired flexibility. One surface of the stent, either the luminal or abluminal surface, is covered by a single 
continuous layer of ePT FE, wh ile limited regions, preferably near the ends of the stent, of the other surface are also covered by ePTFE. 
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leaving a middle region of the stent unencapsulated, the stent retains flexibility similar to a bare stent, thereby reducing the loading and 
deployment forces. 



>: <WO 0045742A1_L> 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCX 



AL 

AM 

AT 

AU 

AZ 

BA 

BB 

BE 

BF 

BG 

BJ 

BR 

BY 

CA 

CF 

CG 

CH 

CI 

CM 

CN 

CU 

CZ 

DE 

DK 



Albania 

Armenia 

Austria 

Australia 

Azerbaijan 

Bosnia and Herzegovina 
Barbados 



Burkina Faso 

Bulgaria 

Benin 

Brazil 

Belarus 

Canada 

Central African Republic 

Congo 

Switzerland 

Cdte d'lvoirc 

Cameroon 

China . 

Cuba 

Czech Republic 
Germany 
Denmark 
Estonia 



ES 


Spain 


LS 


FI 


Finland 


LT 


FR 


France 


LU 


GA 


Gabon 


LV 


GB 


United Kingdom 


MC 


GE 


Georgia 


MD 


GH 


Ghana 


MG 


GN 


Guinea 


MK 


GR 


Greece 




HU 


Hungary 


ML 


IE 


Ireland 


MN 


!L 


Israel 


MR 


IS 


Iceland 


MW 


IT 


Italy 


MX 


JP 


Japan 


NE 


KE 


Kenya 


NL 


KG 


Kyrgyzstan 


NO 


KP 


Democratic People's 


NZ 




Republic of Korea 


PL 


KR 


Republic of Korea 


PT 


KZ 


Kazakstan 


RO 


LC 


Saint Lucia 


RU 


U 


Liechtenstein 


SD 


LK 


Sri Lanka 


SE 


LR 


Liberia 


SG 



Lesotho 

Lithuania 

Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

The former Yugoslav 

Republic of Macedonia 

Mali 

Mongolia 

Mauritania 

Malawi 

Mexico 

Niger 

Netherlands 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Federation 

Sudan 

Sweden 

Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


SZ 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United Slates of America 


uz 


Uzbekistan 


VN 


Vict Nam 


YU 


Yugoslavia 


ZW 


Zimbabwe 



BNSOOCID: <WO 0045742A1_L> 



WO 00/45742 



PCT/US00/02885 



COVERED STENT WITH ENCAPSULATED ENDS 

PACKGRCXJNP OF THE TNVPNTTON 
This application claims the benefit of U.S. Provisional Application No. 
60/1 18,269, filed February 02, 1999 which is incorporated herein by reference and 
U.S. Application No. 09/430,154 filed on October 29, 1999; this application is also a 
5 continuation in part of Application Serial No. 08/401,871, filed March 10, 1995, and 
Application Serial No. 08/508,033, filed July 27, 1995 and now issued as U.S. 
Patent 5,749,880 which are incorporated herein by reference. 

1. Field of the Invention 

The present invention relates generally to the field of medical devices, and 
10 more particularly, to the encapsulation of stents. 

2. Description of Related Art 

Stents and similar endoluminal devices are currently used by medical 
practitioners to treat tubular body vessels or ducts that become so narrowed 
(stenosed) that flow of blood or other biological fluids is restricted. Such narrowing 

15 (stenosis) occurs, for example, as a result of the disease process known as 
arteriosclerosis. While stents are most often used to "prop open" blood vessels, they 
can also be used to reinforce collapsed or narrowed tubular structures in the 
respiratory system, the reproductive system, bile or liver ducts or any other tubular 
body structure. However, stents are generally mesh-like so that endothelial and other 

20 tissues can grow through the openings resulting in restenosis of the vessel. 

Polytetrafluoroethylene (PTFE)' has proven unusually advantageous as a 
material from which to fabricate blood vessel grafts or prostheses, tubular structures 
that can be used to replace damaged or diseased vessels. This is partially because 
PTFE is extremely biocompatible causing little or no immunogenic reaction when 

25 placed within the human body. This is also because in its preferred form, expanded 
PTFE (ePTFE), the material is light and porous and is readily colonized by living 
cells so that it becomes a permanent part of the body. The process of making ePTFE 
of vascular graft grade is well known to one of ordinary skill in the art. Suffice it to 
say that the critical step in this process is the expansion of PTFE into ePTFE. This 
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expansion represents a controlled longitudinal stretching in which the PTFE is 
stretched to several hundred percent of its original length. 

Apart from use of stents within the circulatory system, stents have proven to 
be useful in dealing with various types of liver disease in which the main bile duct 
5 becomes scarred or otherwise blocked by neoplastic growths, etc. Such blockage 
prevents or retards flow of bile into the intestine and can result in serious liver 
damage. Because the liver is responsible for removing toxins from the blood stream, 
is the primary site for the breakdown of circulating blood cells and is also the source 
of vital blood clotting factors, blockage of the bile duct can lead to fatal 

10 complications. A popular type of stent for use in the biliary duct has been one 
formed from a shape memory alloy (e.g., nitinol) partially because such stents can 
be reduced to a very low profile and remain flexible for insertion through the sharp 
bend of the bile duct while being self-expandable and capable of exerting a constant 
radial force to the duct wall. - 

15 Cellular infiltration through stents can be prevented by enclosing the stents 

with ePTFE. Early attempts to produce a stent covered by ePTFE focused around 
use of adhesives or physical attachment such as suturing. However, such methods 
are far from ideal and suturing, in particular, is very labor intensive. More recently 
methods have been developed for encapsulating a stent between two tubular ePTFE 

20 members whereby the ePTFE of one-member touches and bonds with the ePTFE of 
the other member through the mesh opening in the stent. However, such a 
monolithically encapsulated stent may tend to be rather inflexible. Therefore, there 
is a need for a stent covered to prevent cellular infiltration and yet still flexible to 
ensure ease of insertion and deployment and to accommodate extreme anatomical 

25 curves. 
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SUMMARY OF THE INVENTION 
The present invention is directed to covered stents wherein flexibility of the 
stent is retained, despite the use of encapsulation techniques. Encapsulation refers to 
the lamination of a stent between an inner and an outer layer of a plastic material. 
5 Compared to a fully encapsulated stent enhanced flexibility can be achieved by 
encapsulating limited regions of the stent, while leaving a significant portion of the 
stent — usually a middle portion — covered by a single layer of the plastic material. In 
* this way the limited encapsulation fixes the plastic covering onto the stent with no 

need for sutures or similar labor intensive mechanical attachments. 
~ 10 It is an object of this invention to provide a stent device that has improved 

flexibility compared to a fully encapsulated stent, yet maintains its impermeability to 
infiltrating tissues. 

It is yet another object of this invention to provide a stent device that shows 
minimal profile when loaded into insertion systems and can be deployed using 

1 5 forces that are reduced compared to those used with fully encapsulated designs. 

These and additional objects are accomplished by embedding or 
encapsulating only portions of the stent between two layers of biocompatible 
material. This is accomplished by covering either the luminal or abluminal surface 
of the stent with a layer of biocompatible material, preferably ePTFE, while also 

20 covering limited sections of the opposite surface of the stent with the biocompatible 
material, thereby fully encapsulating only the limited sections. A preferred design 
fully encapsulates only the end regions of the device. By leaving a middle region of 
- the stent unencapsulated, the stent is free to flex much like a bare stent, increasing 
overall flexibility and reducing the necessary loading and deployment forces. 

25 In the present invention, a stent is partially encapsulated using the 

configuration mentioned above. One means of accomplishing this configuration is to 
place rings (radial strips) of ePTFE on a mandrel at positions corresponding to each 
end of the stent. The stent is then placed over the mandrel and the rings in 
registration with the ends of the stent. Finally, the stent (supported by the mandrel) 

30 is covered on its abluminal (outside) surface by a tubular ePTFE graft. The resulting 
structure is then subjected to heat and pressure so that the regions containing ePTFE 
on both surfaces become laminated or fused together (e.g., a bond is formed). This 
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yields a stent with substantially its entire abluminal surface covered by ePTFE. 
Regions near the ends of the stent are fully encapsulated {e.g., these regions are 
covered by ePTFE on their luminal surfaces as well). The fully encapsulated area 
serves to attach the abluminal covering to the stent. 
5 A more complete understanding of the partial encapsulation of stents will be 

afforded to those skilled in the art, as well as a realization of additional advantages 
and objects thereof, by a consideration of the following detailed description of the 
preferred embodiment. Reference will be made to the appended sheets of drawings, 
which will first be described briefly. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of the preferred embodiment of the present 
invention. 

Fig. 2 is a cross-sectional view along the line 2-2. 
Fig. 3 is a cross-sectional view along the line 3-3. 
15 Fig. 4 is an overview picture of the deployment of the device of the present 

invention. 

Fig. 5 is a close-up view of the device being partially deployed. 
Fig. 6 is a close-up view of the device fully deployed. 
Fig. 7 is a picture of a fully encapsulated stent being tested for flexibility. 
20 Fig. 8 is a picture of the covered stent of the present invention being tested 

for flexibility in the same manner as Fig. 7. 

Fig. 9 shows an especially flexible stent design (the "Flexx" stent) preferred 
for use in the present invention; here the Flexx stent is shown in its expanded state. 

Fig. 10 shows the flexible stent of Fig. 9 after it has been compressed. 

25 Fig. 1 1 shows a close-up of the strut structure of the expanded stent of Fig. 9. 

Fig. 12 shows a close-up view of the flexible stent design of Fig. 9 
immediately after being cut from a metal tube and before being expanded into the 
form of Fig. 11. 
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PET AILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
The present invention satisfies the need for a covered stent device that is 
virtually as flexible as an uncovered stent. This is accomplished by covering a stent 
on a first surface while limited regions are covered on the opposite surface to ensure 
5 fixation of the first surface covering. 

Referring now to the drawings, in which like reference numbers represent 
similar or identical structures throughout, Fig. 1 illustrates a preferred embodiment 
of the present invention. A partially encapsulated stent-graft 10 is created by 
covering the abluminal surface of a stent 12 with a biocompatible barrier material 
10 that is able to seal fistulae and aneurysms and prevent or reduce tissue ingrowth 
from neointimal hyperplasia or tumor growth. In the preferred embodiment, the 
material used for this purpose is a tubular layer of expanded polytetrafluoroethylene 
(ePTFE) 20. The preferred ePTFE is one optimized for bond strength as described in 
U.S. Patent 5,749,880. The stent 12 in the preferred -embodiment is a shape memory 
15 alloy stent having geometry enhancing the stent's flexibility, although stents of a 
variety of designs are usable with the current invention because the inventive 
configuration minimizes the effect of the covering on stent flexibility. Also, the stent 
12 can be made out of any type of material besides shape memory alloy. 

It will be apparent to those of skill in the art that at a covering over at least 
20 one of the surfaces (luminal or abluminal) of the stent is necessary to prevent tissue 
ingrowth. Furthermore, the covering must be bonded to the stent to prevent it from 
coming detached and perhaps forming a blockage in the vessel. Although ePTFE has 
numerous favorable properties, it is relatively difficult to attach it to a stent. 
Mechanical fasteners such as sutures have the disadvantage of interrupting the 
25 integrity of the ePTFE sheet so that leaking can occur. Although ePTFE does not 
adhere well to a stent, it can be made to bond to itself. Therefore, one effective 
method of affixing the ePTFE cover is to place ePTFE covers in contact with both 
the abluminal and luminal surfaces of the stent so that one ePTFE covering can bond 
to the other where the ePTFE coverings touch through the openings in the stent. The 
30 drawback with this approach is that the structural members of the stent are tightly 
surrounded and held by ePTFE. When the stent bends or expands, the stent structural 
members must move relative to each other. This movement is resisted by the tightly 
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adhering ePTFE (or other covering material). 

In the present invention movement of the stent members relative to each 
other is facilitated by limiting the region of the stent in which the structural members 
are surrounded (encapsulated) by ePTFE. In a preferred embodiment the regions of 
5 encapsulation, which ensure attachment of the covering to the stent, are limited to 
areas near the ends of the device. For a relatively short device these end- 
encapsulated regions are more than adequate to afford attachment of the covering. If 
necessary one or more additional regions of encapsulation could be added along the 
length of the device if it is found necessary for stability of the covering. Clearly, the 

1 0 greater the percentage of length of the device that is fully encapsulated, the more the 
flexibility of the overall structure will be impeded. 

An additional advantage of the limited encapsulation of the present invention 
is the possibility of enhanced healing. It is known that living cells will infiltrate 
sufficiently porous ePTFE and that microcapillariesmay form within and across the 

1 5 ePTFE wall so that a living intima is formed along the luminal surface. Where two 
layers of ePTFE surround the stent, it may be significantly more difficult for cellular 
infiltration across the wall to occur. Although the figures show the continuous 
covering placed on the abluminal surface of the device, the present invention also 
lends itself to placement of the continuous covering on the luminal surface. The 

20 configuration choice may depend on the precise application of the device. In some 
applications, for example large vessels having a high rate of blood flow placing the 
covering on the luminal surface may result in advantageous lamellar flow of the 
blood — blood flow without significant turbulence. There is some evidence that 
contact of the blood with a metal stent may result in local, limited thrombosis. While 

25 this may be detrimental, there is also some evidence that such limited thrombosis 
results in enhanced healing. An advantage of using a full luminal covering could be 
improved anchoring of the device within the duct or vessel afforded by interactions 
between the bare abluminal stent and the duct or vessel wall. Therefore, the optimal 
configuration will have to be empirically determined in many cases. 

30 In the illustrated design (Fig. 1) the extremities 14 oTtKe^tent 12 are left 

completely uncovered and flare outward to facilitate anchoring of the stent within 
the vessel following expansion of the stent in situ. It will be apparent that this flared 
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region is a feature of this particular embodiment and is not a required element of the 
instant invention. The luminal surface of the stent 12 is covered at ends 22 defined 
between points A and B and points C and D in Fig. 1, but is left uncovered in mid- 
section 24 defined between points B and C. By leaving the mid-section 24 
5 uncovered, the stent has increased flexibility as well as reduced profile when 
compressed. The material used to cover the ends 22 on the luminal surface of stent 
12 is generally the same material that is used to cover the abluminal surface, and in 
Fig. 1 this , material is ePTFE 30 (see Fig. 2), though any other suitable 
biocompatible material could be used in the present invention. 
10 Again, it is important to note that while the continuous tubular layer of 

ePTFE 20 is shown on the abluminal surface of Fig. 1, it is possible, and 
advantageous in some cases, to place a tubular layer of ePTFE on the luminal 
surface, while placing limited rings of ePTFE only on the abluminal surfaces at the 
ends of the device. Distances A-B and C-D in .Fig. 1 can be lesser or greater, 
15 depending on the need for flexibility in the particular application. Moreover, there 
can be any number of encapsulated region(s) and these region(s) can be located in 
different areas of the stent. Also, while the preferred embodiments use encapsulated 
regions that extend completely around a circumference of the device {e.g., rings of 
material) as indicated by region 32 in Fig. 1, there is no reason that discontinuous 
20 regions of encapsulation cannot be used. Attaching discrete pieces or strips of 
ePTFE to a mandrel before the stent is placed on the mandrel can be used to form 
such discontinuous regions. The size, shape and pattern formed by regions 32 can be 
selected to enhance flexibility, etc. This allows different regions of the device to 
exhibit different properties of flexibility, etc, 
25 Once the appropriate ePTFE covering is placed onto the luminal and 

abluminal surfaces, the ends 22 of the stent graft 10 are encapsulated by connecting 
or bonding the luminal covering to the abluminal covering. Encapsulation can be 
accomplished by a number of methods including sintering {i.e., heating), suturing, 
ultrasonically welding, stapling and adhesive bonding. In the preferred embodiment, 
30 the stent-graft 10 is subjected to heat and pressure to laminate (bond) the tubular 
ePTFE layer 20 on the abluminal surface to the two rings of ePTFE 30 on the 
luminal surface. 
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Figs. 2 and 3 illustrate cross-sections of Fig. 1 . A cross-section of stent-graft 
10 is taken along line 2-2, through an end 22 of the device 10 in Fig. 2 and along 
line 3-3, through the mid-section 24 in Fig. 3. These two cross-sections are shown to 
illustrate the additional layer of ePTFE 30 that is present on the luminal surface of 
5 the end 22 and not present on the luminal surface of the mid-section 24. As 
mentioned, the reason for encapsulating only the ends 22 of stent-graft 10 is to 
increase its flexibility over a fully encapsulated stent, thereby allowing it to be bent 
into extreme curves without kinking. Most of the length of the device is covered by 
only a single layer of ePTFE which is extremely flexible and which does not 

10 strongly interact with the stent. Therefore, the flexibility of the single layer area is 
essentially that of the underlying stent device. Fig. 7 shows a fully encapsulated 
shape memory alloy stent bent in essentially as sharp a curve as possible. Note that 
the covering material is showing kinks or distortions 34 due to the inability of the 
covering material to move longitudinally relative, to the stent structural members. 

1 5 Fig. 8 shows an identical shape memory alloy stent covered according to the current 
invention: only the extreme device ends are fully encapsulated. Note that the device 
is capable of being bent into a much sharper curve with little or no distortion of the 
covering or the underlying stent. 

An additional advantage provided by the present invention is that the 

20 retraction force necessary to deploy the stent-graft 10 using a coaxial deployment 
system is drastically reduced in comparison to a fully encapsulated stent. This is due 
to the reduction in amount of covering material. Furthermore, by reducing the 
amount of covering material, the overall profile of the deployment system is 
reduced, allowing a wider range of applications. Another advantage enjoyed by the 

25 present invention is its ease of manufacture compared to stent-graft devices that 
place multiple stent rings over ePTFE tubing. Finally, an advantage over stent-grafts 
with a single layer of biocompatible material over the entire graft length is that 
because a strong bond is created in the encapsulated region, it is possible to transmit 
a pulling force from one end of the stent of the present invention to the other via the 

30 covering, making it possible to load into a sheath using pulling techniques. The 
preferred bare stent designs (chosen for flexibility and low profile) do not permit 
transmission of a pulling force in a longitudinal axial direction. This is because 
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flexibility is increased and profile reduced by removing connections between 
longitudinally neighboring struts. The limited number of longitudinal connections 
has inadequate tensile strength to transmit the pulling force without failure. In the 
case of a true single layer covering (without use of adhesive, etc.) pulling on the 
5 covering causes the covering to slip off the stent. In the case of sutured single layer 
device pulling on the covering may cause the sutures holes to enlarge and even tear. 

EXAMPLE 1 

Two memotherm (shape memory alloy stent, product of Angiomed, Division 
of C. R. Bard, Inc.) biliary stents (SI and S2), partially encapsulated according to the 
10 present invention, were loaded into a 10 French delivery system used for a standard 
covered biliary stent. The stents were 10 mm x 60 mm. The pulling force necessary 
to load the stents (the force between the outer sheath and the stent) was measured as 
follows: 

SI = 6.3N 

15 S2 = 3.5N 

In comparison, the loading force for a fully encapsulated stent is approximately SON. 
After loading the samples SI and S2 into a pullback delivery system, both were 
deployed into a glass biliary duct model placed in a 37°C water bath. All 
deployment went smoothly and no significant covering damage was observed. Thus, 

20 the partially encapsulated stents could be loaded employing a much-reduced force 
without being compromised structurally. 

EXAMPLE 2 

Three prototypes (PI, P2, and P3) were built using a Gamma 2 (Flexx) 
design memotherm stent, 12 mm x 120 mm. These prototypes were partially 

25 encapsulated according to the present invention. More particularly, the abluminal 
surface of each stent was covered with a tubular ePTFE material, leaving the regions 
near the stent ends uncovered (to flare outward and anchor the device). The luminal 
surface near each end of the stent was covered by a 9.95 mm ± 0.05 mm ring of 
ePTFE material. The stents were then subjected to beat and pressure so that the 

30 overlapping ePTFE material on the luminal and abluminal surfaces was bonded 
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together. The prototypes were then loaded into a 10 French delivery system and 
were deployed into a glass biliary duct model (45°, 25.4 mm radius) that was placed 
in a 37°C water bath. 

The prototypes were loaded according to the standard loading technique used 
5 for loading fully encapsulated stents. This loading technique consists of compressing 
the stents by pulling them through a funnel using specially designed hooks. When 
loading the fully encapsulated stent, a backing mandrel and core are used to create a 
uniform folded pattern in the compressed stent. In loading PI, no backing mandrel 
and core inside the stent were used, resulting in an unacceptable load due to the 
1 0 presence of folds. P2 was loaded using a backing mandrel (9.2 mm diameter) and a 
core (1.25 mm diameter), resulting in a successful load with no folds. P3 was loaded 
in the same manner as P2. Loading forces between the funnel and the stent and 
pulling forces between the stent and the outer sheath were measured as follows: 



Prototype 


Peak Loading Force (N)- 


Peak Pulling Force (N) 


PI 


12.5 




P2 


27.5 


12.9 


P3 


18.5 


14.8 



The loading force and pulling force necessary to load and deploy the prototypes 
1 5 were much smaller than that necessary for a fully encapsulated stent. Thus making it 
possible to load and deploy the prototypes with either a manual pullback or a pistol 
handgrip deployment system. 

In the case of a biliary stent an especially tortuous delivery path must be used. There 
are two main techniques for such delivery. If the stent is deliver transhepatically, it 

20 is inserted through percutaneous vasculature, through the bulk of the liver and down 
the hepatic duct where it must make a bend of around 45 degrees between the 
hepatic and the bile duct. If the stent is delivered endoscopically it enters the bile 
duct via the papilla and must pass through multiple bends, the most sever of which is 
about 90 degrees with a 10 mm radius. Clearly an extremely flexible stent is 

25 required. To further illustrate the deployment of the prototypes, Figs. 4-6 have been 
provided. Fig. 4 shows an overview of the prototypes being deployed into a glass 
model of a bile duct using a pistol handgrip delivery system. Note the bend that the 
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stent must navigate. Fig. 5 shows a close-up view of a prototype, as it is partially 
deployed from the sheath. Fig. 6 shows a close-up view of a fully deployed 
prototype. 

The "Flexx" stent used in these experiments is a specially designed stent configured 
5 for the present invention. Stents of this type are cut from tubes of Nitinol shape 
memory alloy and then expanded on a mandrel. The size memory of the device is set 
on the expanded form. The device is then compressed to the approximate 
dimensions of the original tube for insertion into a patient. Once properly located in 
the patient, the device is released and can self-expand to the "memorized" expanded 
10 dimension. Although the entire device is a single unitary piece, as shown in Fig. 9 in 
its expanded state, this design conceptually comprises a plurality of zigzag ring 
stents 64 (stenting zones) joined by longitudinal joining points 62. 

Fig. 10 shows the recompressed device to illustrate that each ring stent 64 is attached 
to each adjacent ring stent 64 by only a pair of joining points 64. Note the open 
15 regions 60 between the joining points 62. It will be apparent that such a structure 
affords considerable lateral flexibility to the entire compressed structure. If there 
were a larger number of joining points 64, lateral flexibility of the compressed 
device would be impeded. On the other hand, the very open structure of the 
expanded stent (Fig. 9) offers little resistance to tissue infiltration. 

20 These two factors account for the unusual suitability of the Flexx design in the 
present invention. The use of a covering of ePTFE or other biocompatible material 
.prevents tissue infiltration despite the very open nature of the Flexx design. The use 
of end encapsulation (as opposed to encapsulation over the entire length of the 
device) preserves most of the inherent flexibility of the design. The use of only a 

25 single layer of covering over much of the stent results in a low profile in the 
compressed configuration so that the device can be inserted through small bile ducts 
and other restricted vessels. The use of only a very limited number of joining points 
64 provides the lateral flexibility required for insertion through tortuous bile ducts 
and other similarly twisted vessels. 
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Fig. 1 1 is a close-up of a portion of Fig. 9 and shows the adjacent ring stents 64 
(stenting zones) and the joining points 62. Each ring stent 64 (stenting zone) is 
formed from a zigzag pattern of struts 54. These struts have the thickness of the 
Nitinol tube from which the device is laser cut with a width, in this embodiment, of 
5 about 0.2 mm. There is a joining point 62 between a given ring stent 64 and an 
adjacent ring stent 64 every third strut 54 with the joining points 62 alternating from 
the left-hand adjacent to the right hand adjacent ring stent 64 so that six struts 54 
separate the joining points 64 between any two ring stents 64. Gaps 32 replace the 
joining points 62 where the intersections of zigzag struts are not joined. 

10 Fig. 12 shows a close-up of the non-expanded cut structure of Fig. 10. Cuts 40, 41, 
and 42 are regions where the metal has been vaporized by a computer controlled 
cutting laser. The cut 40 between blind cuts 41 will expand to form the window 60. 
Cut 42 forms the intersection point * of the struts 54, which show portions of two 
ring stents 64. Partially cut regions 55 define a scrap piece of metal 32% which is 

1 5 removed following expansion to form the gaps 32. In the figure the partially shown 
region above the cut 40 and above the scrap piece 32' is the joining point 62. 
Because a structure with only two joining pieces 62 between adjacent stent rings 64 
is too fragile to withstand expansion as from Fig. 12 to Fig. 11, the scrap pieces 32' 
act as reinforcing joining points for the radial expansion process. Following 

20 expansion the scrap pieces 32* are removed to form the gaps 32. This structure can 
then be deformed into the reduced diameter flexible structure shown in Fig. 10. It 
will be apparent that although this structure is described and pictured as having 
circumferential ring stents 64, the stents zones can also be arranged in a helical 
manner to achieve the objects of the improved design. 

25 Having thus described a preferred embodiment of the covered stent with 

encapsulated ends, it will be apparent by those skilled in the art how certain 
advantages of the present invention have been achieved. It should also be 
appreciated that various modifications, adaptations, and alternative embodiments 
thereof may be made. For example, while Flexx stent designs partially covered with 

30 ePTFE have been illustrated, it should be apparent that the inventive concepts 
described herein would be equally applicable to other types of stent designs and 
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biocompatible covering materials. Moreover, the words used in this specification to 
describe the invention and its various embodiments are to be understood not only in 
the sense of their commonly defined meanings, but to include by special definition 
in this specification structure, material or acts beyond the scope of the commonly 
5 defined meanings. The definitions of the words or elements of the following claims 
are, therefore, defined in this specification to include not only the combination of 
elements which are literally set forth, but all equivalent structure, material or acts for 
performing substantially the same function in substantially the same way to obtain 
substantially the same result. The described embodiments are to be considered 
10 illustrative rather than restrictive. The invention is further defined by the following 
claims. 
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CLAIMS 

We Claim: 

1 . An implantable prosthetic device, comprising: 
5 a stent; 

a first layer of biocompatible material covering a majority of a 

first surface of the stent; 
a second layer comprising a plurality of discrete pieces of 

biocompatible material covering a minority of a second 
10 surface of the stent; and 

an encapsulated region wherein the first layer bonds to the 

second layer. 

2. The implantable prosthetic device of Claim 1, wherein 
said a length of the first layer is less than a length of the stent and the first 

15 layer is disposed so that regions immediately adjacent to ends of the stent 
are not covered by the first layer. 

3. The implantable prosthetic device of Claim 1 , wherein 
said plurality of discrete regions comprises strips or rings placed at opposite 
ends of the second surface, leaving a mid-section of the second surface 

20 uncovered. 

4. The implantable prosthetic device of Claim 1 , wherein 
said first surface is the abluminal surface of the stent and said second 
surface is the luminal surface of the stent. 

5. The implantable prosthetic device of Claim 1, wherein 
25 said first surface is the luminal surface of the stent and said second surface 

is the abluminal surface of the stent. 
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6. The implantable prosthetic device of Claim 1, wherein 
said first and second layers of biocompatible material comprise expanded 
polytetrafluoroethylene. 

7. The implantable prosthetic device of Claim 1, wherein 
5 said stent comprises shape memory alloy. 

8. An implantable prosthetic device, comprising: 

a stent having a luminal and an abluminal surface and a first 

and a second end; 
a first tubular layer of expanded polytetrafluoroethylene 
10 covering the abluminal surface of the stent; 

a second tubular layer of expanded polytetrafluoroethylene, 
wherein the second layer comprises at least one ring 
disposed near the first or the second end of the stent in 
contact with a luminal surface thereof and leaving a 
15 majority of the luminal surface uncovered; and 

an encapsulated region wherein the first tubular layer bonds to 
the second tubular layer. 

9. The implantable prosthetic device of Claim 8, wherein 
said first layer does not cover a region immediately adjacent the first or the 

20 second end of the stent. 

10. The implantable prosthetic device of Claim 8, wherein 
said stent comprises shape memory alloy. 
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11. The implantable prosthetic device of Claim 10, wherein 
said stent is formed by a method for forming a stent of expanded radius R 
from a tube of smaller radius r and wall thickness T comprising the steps of: 

removing material form a wall of the tube over the full wall 
5 thickness T to leave the wall penetrated with a 

multiplicity of separate cut lines, in a pattern which 
permits the tube to expand to radius R; 

expanding the tube to radius R where the cut lines define a 
plurality of zigzag struts forming stenting zones; and 
10 removing a plurality of scrap portions that join adjacent stenting 

zones to form spacings between the adjacent stenting 
zones and to give the stent enhanced lateral flexibility 
when the stent is recompressed to radius r. 

12. The implantable prosthetic device of Claim 8 further 
15 comprising a second ring of expanded polytetrafluoroethylene disposed at 

an opposite end of the stent from said at least one ring so that the device 
has two encapsulated regions with a non-encapsulated middle section 
therebetween. 

13. A process for producing a flexible covered stent 
comprising the steps of: 

providing a stent havrng a stent length; 

placing a first tubular covering of expanded 
polytetrafluoroethylene, having a first covering length, in 
contact with one surface of the stent so that a majority of 
the surface is covered thereby; 
placing a second tubular covering of expanded 
polytetrafluoroethylene, having a length substantially 
less than the first covering length, in contact with a 
second surface of the stent; and 
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forming an encapsulated region by bonding the first tubular 
covering to the second tubular covering and leaving a 
majority of the stent length unencapsulated. 



14. The process of Claim 13 further comprising a step of 
5 placing a third tubular covering of expanded polytetrafluoroethylene, having 

a length substantially less than the first covering length, in contact with a 
second surface of the stent, wherein the second tubular covering and the 
third tubular covering are disposed in proximity to a first end and a second 
end of the stent, respectively, and wherein the step of forming an 
10 encapsulated region comprises bonding the first tubular covering to the 
second and to the third tubular covering. 

15. The process of Claim 14, wherein the length of the first 
tubular covering is selected and one of the second and the third tubular 
covering is disposed so that one of the first end and the second end of the 

15 stent is left uncovered. 
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COVERED STENT WITH ENCAPSULATED ENDS 

BACKGROUND OF THE INVENTION 
This application claims the benefit of U.S. Provisional Application No. 
60/118,269, filed February 02, 1999 which is incorporated herein by reference and 
U.S. Application No. 09/430,154 filed on October 29, 1999; this application is also a 
5 continuation in part of Application Serial No. 08/401,871, filed March 10, 1995, and 
Application Serial No. 08/508,033, filed July 27, 1995 and now issued as U.S. 
Patent 5,749,880 which are incorporated herein by reference. 

1. Field of the Invention 

The present invention relates generally to the field of medical devices, and 
10 more particularly, to the encapsulation of stents. 

2. Description of Related Art 

Stents and similar endoluminal devices are currently used by medical 
practitioners to treat tubular body vessels or ducts that become so narrowed 
(stenosed) that flow of blood or other biological fluids is restricted. Such narrowing 

15 (stenosis) occurs, for example, as a result of the disease process known as 
arteriosclerosis. While stents are most often used to "prop open" blood vessels, they 
can also be used to reinforce collapsed or narrowed tubular structures in the 
respiratory system, the reproductive system, bile or liver ducts or any other tubular 
body structure. However, stents are generally mesh-like so that endothelial and other 

20 tissues can grow through the openings resulting in restenosis of the vessel. 

Polytetrafluoroethylene (PTFE) has proven unusually advantageous as a 
material from which to fabricate blood vessel grafts or prostheses, tubular structures 
that can be used to replace damaged or diseased vessels. This is partially because 
PTFE is extremely biocompatible causing little or no immunogenic reaction when 

25 placed within the human body. This is also because in its preferred form, expanded 
PTFE (ePTFE), the material is light and porous and is readily colonized by living 
cells so that it becomes a permanent part of the body. The process of making ePTFE 
of vascular graft grade is well known to one of ordinary skill in the art. Suffice it to 
say that the critical step in this process is the expansion of PTFE into ePTFE. This 
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expansion represents a controlled longitudinal stretching in which the PTFE is 
stretched to several hundred percent of its original length. 

Apart from use of stents within the circulatory system, stents have proven to 
be useful in dealing with various types of liver disease in which the main bile duct 
5 becomes scarred or otherwise blocked by neoplastic growths, etc. Such blockage 
prevents or retards flow of bile into the intestine and can result in serious liver 
damage. Because the liver is responsible for removing toxins from the blood stream, 
is the primary site for the breakdown of circulating blood cells and is also the source 
of vital blood clotting factors, blockage of the bile duct can lead to fatal 

10 complications. A popular type of stent for use in the biliary duct has been one 
formed from a shape memory alloy (e.g., nitinol) partially because such stents can 
be reduced to a very low profile and remain flexible for insertion through the sharp 
bend of the bile duct while being self-expandable and capable of exerting a constant 
radial force to the duct wall. 

15 Cellular infiltration through stents can be prevented by enclosing the stents 

with ePTFE. Early attempts to produce a stent covered by ePTFE focused around 
use of adhesives or physical attachment such as suturing. However, such methods 
are far from ideal and suturing, in particular, is very labor intensive. More recently 
methods have been developed for encapsulating a stent between two tubular ePTFE 

20 members whereby the ePTFE of one-member touches and bonds with the ePTFE of 
the other member through the mesh opening in the stent. However, such a 
monolithically encapsulated stent may tend to be rather inflexible. Therefore, there 
is a need for a stent covered to prevent cellular infiltration and yet still flexible to 
ensure ease of insertion and deployment and to accommodate extreme anatomical 

25 curves. 
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SUMMARY OF THE INVENT IO N 
The present invention is directed to covered stents wherein flexibility of the 
stent is retained, despite the use of encapsulation techniques. Encapsulation refers to 
the lamination of a stent between an inner and an outer layer of a plastic material. 
5 Compared to a fully encapsulated stent enhanced flexibility can be achieved by 
encapsulating limited regions of the stent, while leaving a significant portion of the 
stent — usually a middle portion — covered by a single layer of the plastic material. In 
this way the limited encapsulation fixes the plastic covering onto the stent with no 
need for sutures or similar labor intensive mechanical attachments. 
10 It is an object of this invention to provide a stent device that has improved 

flexibility compared to a fully encapsulated stent, yet maintains its impermeability to 
infiltrating tissues. 

It is yet another object of this invention to provide a stent device that shows 
minimal profile when loaded into insertion systems and can be deployed using 

1 5 forces that are reduced compared to those used with fully encapsulated designs. 

These and additional objects are accomplished by embedding or 
encapsulating only portions of the stent between two layers of biocompatible 
material. This is accomplished by covering either the luminal or abluminal surface 
of the stent with a layer of biocompatible material, preferably ePTFE, while also 

20 covering limited sections of the opposite surface of the stent with the biocompatible 
material, thereby fully encapsulating only the limited sections. A preferred design 
fully encapsulates only the end regions of the device. By leaving a middle region of 
the stent unencapsulated, the stent is free to flex much like a bare stent, increasing 
overall flexibility and reducing the necessary loading and deployment forces. 

25 In the present invention, a stent is partially encapsulated using the 

configuration mentioned above. One means of accomplishing this configuration is to 
place rings (radial strips) of ePTFE on a mandrel at positions corresponding to each 
end of the stent. The stent is then placed over the mandrel and the rings in 
registration with the ends of the stent. Finally, the stent (supported by the mandrel) 

30 is covered on its abluminal (outside) surface by a tubular ePTFE graft. The resulting 
structure is then subjected to heat and pressure so that the regions containing ePTFE 
on both surfaces become laminated or fused together (e.g., a bond is formed). This 
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yields a stent with substantially its entire abluminal surface covered by ePTFE. 
Regions near the ends of the stent are fully encapsulated (e.g., these regions are 
covered by ePTFE on their luminal surfaces as well). The fully encapsulated area 
serves to attach the abluminal covering to the stent. 
5 A more complete understanding of the partial encapsulation of stents will be 

afforded to those skilled in the art, as well as a realization of additional advantages 
and objects thereof, by a consideration of the following detailed description of the 
preferred embodiment. Reference will be made to the appended sheets of drawings, 
which will first be described briefly. 

10 BRIEF DESCRTPTTON OF THE DRAWINGS 

Fig. 1 is a perspective view of the preferred embodiment of the present 
invention. 

Fig. 2 is a cross-sectional view along the line 2-2. 
Fig. 3 is a cross-sectional view along the line 3-3. 
15 Fig. 4 is an overview picture of the deployment of the device of the present 

invention. 

Fig. 5 is a close-up view of the device being partially deployed. 
Fig. 6 is a close-up view of the device fully deployed. 
Fig. 7 is a picture of a fully encapsulated stent being tested for flexibility. 
20 Fig. 8 is a picture of the covered stent of the present invention being tested 

for flexibility in the same manner as Fig. 7. 

Fig. 9 shows an especially flexible stent design (the "Flexx" stent) preferred 
. for use in the present invention; here the Flexx stent is shown in its expanded state. 

Fig. 10 shows the flexible stent of Fig. 9 after it has been compressed. 

25 Fig. 1 1 shows a close-up of the strut structure of the expanded stent of Fig. 9. 

Fig. 12 shows a close-up view of the flexible stent design of Fig. 9 
immediately after being cut from a metal tube and before being expanded into the 
form of Fig. 11. 
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PETAILjE P DESCRIPTION OF THE PREFERRED EMBODIMENT 
The present invention satisfies the need for a covered stent device that is 
virtually as flexible as an uncovered stent. This is accomplished by covering a stent 
on a first surface while limited regions are covered on the opposite surface to ensure 
5 fixation of the first surface covering. 

Referring now to the drawings, in which like reference numbers represent 
similar or identical structures throughout, Fig. 1 illustrates a preferred embodiment 
of the present invention. A partially encapsulated stent-graft 10 is created by 
covering the abluminal surface of a stent 12 with a biocompatible barrier material 
10 that is able to seal fistulae and aneurysms and prevent or reduce tissue ingrowth 
from neointimal hyperplasia or tumor growth. In the preferred embodiment, the 
material used for this purpose is a tubular layer of expanded polytetrafluoroethylene 
(ePTFE) 20. The preferred ePTFE is one optimized for bond strength as described in 
U.S. Patent 5,749,880. The stent 12 in the preferred embodiment is a shape memory 
15 alloy stent having geometry enhancing the stent's flexibility, although stents of a 
variety of designs are usable with the current invention because the inventive 
configuration minimizes the effect of the covering on stent flexibility. Also, the stent 
12 can be made out of any type of material besides shape memory alloy. 

It will be apparent to those of skill in the art that at a covering over at least 
20 one of the surfaces (luminal or abluminal) of the stent is necessary to prevent tissue 
ingrowth. Furthermore, the covering must be bonded to the stent to prevent it from 
coming detached and perhaps forming a blockage in the vessel. Although ePTFE has 
numerous favorable properties, it is relatively difficult to attach it to a stent. 
Mechanical fasteners such as sutures have the disadvantage of interrupting the 
25 integrity of the ePTFE sheet so that leaking can occur. Although ePTFE does not 
adhere well to a stent, it can be made to bond to itself. Therefore, one effective 
method of affixing the ePTFE cover is to place ePTFE covers in contact with both 
the abluminal and luminal surfaces of the stent so that one ePTFE covering can bond 
to the other where the ePTFE coverings touch through the openings in the stent. The 
30 drawback with this approach is that the structural members of the stent are tightly 
surrounded and held by ePTFE. When the stent bends or expands, the stent structural 
members must move relative to each other. This movement is resisted by the tightly 
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adhering ePTFE (or other covering material). 

In the present invention movement of the stent members relative to each 
other is facilitated by limiting the region of the stent in which the structural members 
are surrounded (encapsulated) by ePTFE. In a preferred embodiment the regions of 
5 encapsulation, which ensure attachment of the covering to the stent, are limited to 
areas near the ends of the device. For a relatively short device these end- 
encapsulated regions are more than adequate to afford attachment of the covering. If 
necessary one or more additional regions of encapsulation could be added along the 
length of the device if it is found necessary for stability of the covering. Clearly, the 

1 0 greater the percentage of length of the device that is fully encapsulated, the more the 
flexibility of the overall structure will be impeded. 

An additional advantage of the limited encapsulation of the present invention 
is the possibility of enhanced healing. It is known that living cells will infiltrate 
sufficiently porous ePTFE and that microcapillaries may form within and across the 

1 5 ePTFE wall so that a living intima is formed along the luminal surface. Where two 
layers of ePTFE surround the stent, it may be significantly more difficult for cellular 
infiltration across the wall to occur. Although the figures show the continuous 
covering placed on the abluminal surface of the device, the present invention also 
lends itself to placement of the continuous covering on the luminal surface. The 

20 configuration choice may depend on the precise application of the device. In some 
applications, for example large vessels having a high rate of blood flow placing the 
covering on the luminal surface may result in advantageous lamellar flow of the 
blood — blood flow without significant turbulence. There is some evidence that 
contact of the blood with a metal stent may result in local, limited thrombosis. While 

25 this may be detrimental, there is also some evidence that such limited thrombosis 
results in enhanced healing. An advantage of using a full luminal covering could be 
improved anchoring of the device within the duct or vessel afforded by interactions 
between the bare abluminal stent and the duct or vessel wall. Therefore, the optimal 
configuration will have to be empirically determined in many cases. 

30 In the illustrated design (Fig. 1) the extremities 14 of the stent 12 are left 

completely uncovered and flare outward to facilitate anchoring of the stent within 
the vessel following expansion of the stent in situ. It will be apparent that this flared 
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region is a feature of this particular embodiment and is not a required element of the 
instant invention. The luminal surface of the stent 12 is covered at ends 22 defined 
between points A and B and points C and D in Fig. 1, but is left uncovered in mid- 
section 24 defined between points B and C. By leaving the mid-section 24 
5 uncovered, the stent has increased flexibility as well as reduced profile when 
compressed. The material used to cover the ends 22 on the luminal surface of stent 
12 is generally the same material that is used to cover the abluminal surface, and in 
Fig. 1 this material is ePTFE 30 (see Fig. 2), though any other suitable 
biocompatible material could be used in the present invention. 
10 Again, it is important to note that while the continuous tubular layer of 

ePTFE 20 is shown on the abluminal surface of Fig. 1, it is possible, and 
advantageous in some cases, to place a tubular layer of ePTFE on the luminal 
surface, while placing limited rings of ePTFE only on the abluminal surfaces at the 
ends of the device. Distances A-B and C-D in Fig. 1 can be lesser or greater, 
15 depending on the need for flexibility in the particular application. Moreover, there 
can be any number of encapsulated region(s) and these region(s) can be located in 
different areas of the stent. Also, while the preferred embodiments use encapsulated 
regions that extend completely around a circumference of the device (e.g., rings of 
material) as indicated by region 32 in Fig. 1, there is no reason that discontinuous 
20 regions of encapsulation cannot be used. Attaching discrete pieces or strips of 
ePTFE to a mandrel before the stent is placed on the mandrel can be used to form 
such discontinuous regions. The size, shape and pattern formed by regions 32 can be 
selected to enhance flexibility, etc. This allows different regions of the device to 
exhibit different properties of flexibility* etc. 
25 Once the appropriate ePTFE covering is placed onto the luminal and 

abluminal surfaces, the ends 22 of the stent graft 10 are encapsulated by connecting 
or bonding the luminal covering to the abluminal covering. Encapsulation can be 
accomplished by a number of methods including sintering (i.e., heating), suturing, 
ultrasonically welding, stapling and adhesive bonding. In the preferred embodiment, 
30 the stent-graft 10 is subjected to heat and pressure to laminate (bond) the tubular 
ePTFE layer 20 on the abluminal surface to the two rings of ePTFE 30 on the 
luminal surface. 
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Figs. 2 and 3 illustrate cross-sections of Fig. 1 . A cross-section of stent-graft 
10 is taken along line 2-2, through an end 22 of the device 10 in Fig. 2 and along 
line 3-3, through the mid-section 24 in Fig. 3. These two cross-sections are shown to 
illustrate the additional layer of ePTFE 30 that is present on the luminal surface of 
5 the end 22 and not present on the luminal surface of the mid-section 24. As 
mentioned, the reason for encapsulating only the ends 22 of stent-graft 10 is to 
increase its flexibility over a fully encapsulated stent, thereby allowing it to be bent 
into extreme curves without kinking. Most of the length of the device is covered by 
only a single layer of ePTFE which is extremely flexible and which does not 

10 strongly interact with the stent. Therefore, the flexibility of the single layer area is 
essentially that of the underlying stent device. Fig. 7 shows a fully encapsulated 
shape memory alloy stent bent in essentially as sharp a curve as possible. Note that 
the covering material is showing kinks or distortions 34 due to the inability of the 
covering material to move longitudinally relative to the stent structural members. 

1 5 Fig. 8 shows an identical shape memory alloy stent covered according to the current 
invention: only the extreme device ends are fully encapsulated. Note that the device 
is capable of being bent into a much sharper curve with little or no distortion of the 
covering or the underlying stent. 

An additional advantage provided by the present invention is that the 

20 retraction force necessary to deploy the stent-graft 10 using a coaxial deployment 
system is drastically reduced in comparison to a fully encapsulated stent. This is due 
to the reduction in amount of covering material. Furthermore, by reducing the 
amount of covering material, the overall profile of the deployment system is 
reduced, allowing a wider range of applications. Another advantage enjoyed by the 

25 present invention is its ease of manufacture compared to stent-graft devices that 
place multiple stent rings over ePTFE tubing. Finally, an advantage over stent-grafts 
with a single layer of biocompatible material over the entire graft length is that 
because a strong bond is created in the encapsulated region, it is possible to transmit 
a pulling force from one end of the stent of the present invention to the other via the 

30 covering, making it possible to load into a sheath using pulling techniques. The 
preferred bare stent designs (chosen for flexibility and low profile) do not permit 
transmission of a pulling force in a longitudinal axial direction. This is because 
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flexibility is increased and profile reduced by removing connections between 
longitudinally neighboring struts. The limited number of longitudinal connections 
has inadequate tensile strength to transmit the pulling force without failure. In the 
case of a true single layer covering (without use of adhesive, etc.) pulling on the 
5 covering causes the covering to slip off the stent. In the case of sutured single layer 
device pulling on the covering may cause the sutures holes to enlarge and even tear. 

EXAMPLE 1 

Two memotherm (shape memory alloy stent, product of Angiomed, Division 
of C. R. Bard, Inc.) biliary stents (SI and S2), partially encapsulated according to the 
10 present invention, were loaded into a 10 French delivery system used for a standard 
covered biliary stent. The stents were 10 mm x 60 mm. The pulling force necessary 
to load the stents (the force between the outer sheath and the stent) was measured as 
follows: 

SI =6.3N 

15 S2 = 3.5N 

In comparison, the loading force for a fully encapsulated stent is approximately 50N. 
After loading the samples SI and S2 into a pullback delivery system, both were 
deployed into a glass biliary duct model placed in a 37°C water bath. All 
deployment went smoothly and no significant covering damage was observed. Thus, 

20 the partially encapsulated stents could be loaded employing a much-reduced force 
without being compromised structurally. 

EXAMPLE 2 

Three prototypes (PI, P2, and P3) were built using a Gamma 2 (Flexx) 
design memotherm stent, 12 mm x 120 mm. These prototypes were partially 

25 encapsulated according to the present invention. More particularly, the abluminal 
surface of each stent was covered with a tubular ePTFE material, leaving the regions 
near the stent ends uncovered (to flare outward and anchor the device). The luminal 
surface near each end of the stent was covered by a 9.95 mm ± 0.05 mm ring of 
ePTFE material. The stents were then subjected to heat and pressure so that the 

30 overlapping ePTFE material on the luminal and abluminal surfaces was bonded 
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together. The prototypes were then loaded into a 10 French delivery system and 
were deployed into a glass biliary duct model (45°, 25.4 mm radius) that was placed 
in a 37°C water bath. 

The prototypes were loaded according to the standard loading technique used 
5 for loading fully encapsulated stents. This loading technique consists of compressing 
the stents by pulling them through a funnel using specially designed hooks. When 
loading the fully encapsulated stent, a backing mandrel and core are used to create a 
uniform folded pattern in the compressed stent. In loading PI, no backing mandrel 
and core inside the stent were used, resulting in an unacceptable load due to the 
1 0 presence of folds. P2 was loaded using a backing mandrel (9.2 mm diameter) and a 
core (1.25 mm diameter), resulting in a successful load with no folds. P3 was loaded 
in the same manner as P2. Loading forces between the funnel and the stent and 
pulling forces between the stent and the outer sheath were measured as follows: 



Prototype 


Peak Loading Force (N) .. 


Peak Pulling Force (N) 


PI 


12.5 




P2 


27.5 


12.9 


P3 


18.5 


14.8 



The loading force and pulling force necessary to load and deploy the prototypes 
15 were much smaller than that necessary for a fully encapsulated stent. Thus making it 
possible to load and deploy the prototypes with either a manual pullback or a pistol 
handgrip deployment system. 

In the case of a biliary stent an especially tortuous delivery path must be used. There 
are two main techniques for such delivery. If the stent is deliver transhepatically, it 

20 is inserted through percutaneous vasculature, through the bulk of the liver and down 
the hepatic duct where it must make a bend of around 45 degrees between the 
hepatic and the bile duct. If the stent is delivered endoscopically it enters the bile 
duct via the papilla and must pass through multiple bends, the most sever of which is 
about 90 degrees with a 10 mm radius. Clearly an extremely flexible stent is 

25 required. To further illustrate the deployment of the prototypes, Figs. 4-6 have been 
provided. Fig. 4 shows an overview of the prototypes being deployed into a glass 
model of a bile duct using a pistol handgrip delivery system. Note the bend that the 
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stent must navigate. Fig. 5 shows a close-up view of a prototype, as it is partially 
deployed from the sheath. Fig. 6 shows a close-up view of a fully deployed 
prototype. 

The <c Flexx" stent used in these experiments is a specially designed stent configured 
5 for the present invention. Stents of this type are cut from tubes of Nitinol shape 
memory alloy and then expanded on a mandrel. The size memory of the device is set 
on the expanded form. The device is then compressed to the approximate 
dimensions of the original tube for insertion into a patient. Once properly located in 
the patient, the device is released and can self-expand to the "memorized" expanded 
10 dimension. Although the entire device is a single unitary piece, as shown in Fig. 9 in 
its expanded state, this design conceptually comprises a plurality of zigzag ring 
stents 64 (stenting zones) joined by longitudinal joining points 62. 

Fig. 10 shows the recompressed device to illustrate that each ring stent 64 is attached 
to each adjacent ring stent 64 by only a pair of joining points 64. Note the open 
15 regions 60 between the joining points 62. It will be apparent that such a structure 
affords considerable lateral flexibility to the entire compressed structure. If there 
were a larger number of joining points 64, lateral flexibility of the compressed 
device would be impeded. On the other hand, the very open structure of the 
expanded stent (Fig. 9) offers little resistance to tissue infiltration. 

20 These two factors account for the unusual suitability of the Flexx design in the 
present invention. The use of a covering of ePTFE or other biocompatible material 
prevents tissue infiltration despite the very open nature of the Flexx design. The use 
of end encapsulation (as opposed to encapsulation over the entire length of the 
device) preserves most of the inherent flexibility of the design. The use of only a 

25 single layer of covering over much of the stent results in a low profile in the 
compressed configuration so that the device can be inserted through small bile ducts 
and other restricted vessels. The use of only a very limited number of joining points 
64 provides the lateral flexibility required for insertion through tortuous bile ducts 
and other similarly twisted vessels. 
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Fig. 1 1 is a close-up of a portion of Fig. 9 and shows the adjacent ring stents 64 
(stenting zones) and the joining points 62. Each ring stent 64 (stenting zone) is 
formed from a zigzag pattern of struts 54. These struts have the thickness of the 
Nitinol tube from which the device is laser cut with a width, in this embodiment, of 
5 about 0.2 mm. There is a joining point 62 between a given ring stent 64 and an 
adjacent ring stent 64 every third strut 54 with the joining points 62 alternating from 
the left-hand adjacent to the right hand adjacent ring stent 64 so that six struts 54 
separate the joining points 64 between any two ring stents 64. Gaps 32 replace the 
joining points 62 where the intersections of zigzag struts are not joined. 

10 Fig. 12 shows a close-up of the non-expanded cut structure of Fig. 10. Cuts 40, 41, 
and 42 are regions where the metal has been vaporized by a computer controlled 
cutting laser. The cut 40 between blind cuts 41 will expand to form the window 60. 
Cut 42 forms the intersection point * of the struts _54, which show portions of two 
ring stents 64. Partially cut regions 55 define a scrap piece of metal 32', which is 

15 removed following expansion to form the gaps 32. In the figure the partially shown 
region above the cut 40 and above the scrap piece 32' is the joining point 62. 
Because a structure with only two joining pieces 62 between adjacent stent rings 64 
is too fragile to withstand expansion as from Fig. 12 to Fig. 1 1, the scrap pieces 32' 
act as reinforcing joining points for the radial expansion process. Following 

20 expansion the scrap pieces 32' are removed to form the gaps 32. This structure can 
then be deformed into the reduced diameter flexible structure shown in Fig. 10. It 
will be apparent that although this structure is described and pictured as having 
circumferential ring stents 64, the stents zones can also be arranged in a helical 
manner to achieve the objects of the improved design. 

25 Having thus described a preferred embodiment of the covered stent with 

encapsulated ends, it will be apparent by those skilled in the art how certain 
advantages of the present invention have been achieved. It should also be 
appreciated that various modifications, adaptations, and alternative embodiments 
thereof may be made. For example, while Flexx stent designs partially covered with 

30 ePTFE have been illustrated, it should be apparent that the inventive concepts 
described herein would be equally applicable to other types of stent designs and 
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biocompatible covering materials. Moreover, the words used in this specification to 
describe the invention and its various embodiments are to be understood not only in 
the sense of their commonly defined meanings, but to include by special definition 
in this specification structure, material or acts beyond the scope of the commonly 
5 defined meanings. The definitions of the words or elements of the following claims 
are, therefore, defined in this specification to include not only the combination of 
elements which are literally set forth, but all equivalent structure, material or acts for 
performing substantially the same function in substantially the same way to obtain 
substantially the same result. The described embodiments are to be considered 
10 illustrative rather than restrictive. The invention is further defined by the following 
claims. 



_0O45742A1JA> 



WO 00/45742 



PCT/US00/02885 



-14- 

CLAIMS 

We Claim: 

1 . An implantable prosthetic device, comprising: 
5 a stent; 

a first layer of biocompatible material covering a majority of a 

first surface of the stent; 
a second layer comprising a plurality of discrete pieces of 

biocompatible material covering a minority of a second 
1 0 surface of the stent; and 

an encapsulated region wherein the first layer bonds to the 

second layer. 

2. The implantable prosthetic device of Claim 1, wherein 
said a length of the first layer is less than a length of the stent and the first 

15 layer is disposed so that regions immediately adjacent to ends of the stent 
are not covered by the first layer. 

3. The implantable prosthetic device of Claim 1, wherein 
said plurality of discrete regions comprises strips or rings placed at opposite 
ends of the second surface, leaving a mid-section of the second surface 

20 uncovered. 

4. The implantable prosthetic device of Claim 1, wherein 
said first surface is the abluminal surface of the stent and said second 
surface is the luminal surface of the stent. 

5. The implantable prosthetic device of Claim 1, wherein 
25 said first surface is the luminal surface of the stent and said second surface 

is the abluminal surface of the stent. 
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6. The implantable prosthetic device of Claim 1, wherein 
said first and second layers of biocompatible material comprise expanded 
polytetrafluoroethylene. 

7. The implantable prosthetic device of Claim 1, wherein 
5 said stent comprises shape memory alloy. 

8. ' An implantable prosthetic device, comprising: 

a stent having a luminal and an abluminal surface and a first 
and a second end; 

a first tubular layer of expanded polytetrafluoroethylene 
10 covering the abluminal surface of the stent; 

a second tubular layer of expanded polytetrafluoroethylene, 
wherein the second layer comprises at least one ring 
disposed near the first or the second end of the stent in 
contact with a luminal surface thereof and leaving a 
15 majority of the luminal surface uncovered; and 

an encapsulated region wherein the first tubular layer bonds to 
the second tubular layer. 

9. The implantable prosthetic device of Claim 8, wherein 
said first layer does not cover a region immediately adjacent the first or the 

20 second end of the stent. 

10. The implantable prosthetic device of Claim 8, wherein 
said stent comprises shape memory alloy. 
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11. The implantable prosthetic device of Claim 10, wherein 
said stent is formed by a method for forming a stent of expanded radius R 
from a tube of smaller radius r and wall thickness T comprising the steps of: 

removing material form a wall of the tube over the full wall 
5 thickness T to leave the wall penetrated with a 

multiplicity of separate cut lines, in a pattern which 
permits the tube to expand to radius R; 

expanding the tube to radius R where the cut lines define a 
plurality of zigzag struts forming stenting zones; and 
10 removing a plurality of scrap portions that join adjacent stenting 

zones to form spacings between the adjacent stenting 
zones and to give the stent enhanced lateral flexibility 
when the stent is recompressed to radius r. 

12. The implantable prosthetic device of Claim 8 further 
15 comprising a second ring of expanded polytetrafluoroethylene disposed at 

an opposite end of the stent from said at least one ring so that the device 
has two encapsulated regions with a non-encapsulated middle section 
therebetween. 



13. A process for producing a flexible covered stent 
20 comprising the steps of: 

providing a stent having a stent length; 

placing a first tubular covering of expanded 
polytetrafluoroethylene, having a first covering length, in 
contact with one surface of the stent so that a majority of 
25 the surface is covered thereby; 

placing a second tubular covering of expanded 
polytetrafluoroethylene, having a length substantially 
less than the first covering length, in contact with a 
second surface of the stent; and 
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forming an encapsulated region by bonding the first tubular 
covering to the second tubular covering and leaving a 
majority of the stent length unencapsulated. 



14. The process of Claim 13 further comprising a step of 
5 placing a third tubular covering of expanded polytetrafluoroethylene, having 
a length substantially less than the first covering length, in contact with a 
second surface of the stent, wherein the second tubular covering and the 
third tubular covering are disposed in proximity to a first end and a second 
end of the stent, respectively, and wherein the step of forming an 
10 encapsulated region comprises bonding the first tubular covering to the 
second and to the third tubular covering. 



15. The process of Claim 147 wherein the length of the first 
tubular covering is selected and one of the second and the third tubular 
covering is disposed so that one of the first end and the second end of the 
1 5 stent is left uncovered. 
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